Rotary-vacuum-filter mud (RVFM) is waste generated during the manufacturing process of titanium dioxide. In this work, RVFM and ceramic bricks containing different ratios of this waste are investigated. The mud samples were characterized using thermal analysis (TG/DTG). The aim of the present work was to determine the effect of adding RVFM on the ceramic properties of clay, such as apparent porosity, water absorption, linear shrinkage and flexural strength, used to produce blocks.
INTRODUCTION
The titanium dioxide (TiO 2 ) processing factory owned by Millennium Inorganic Chemicals (MIC) in Camaçari, Bahia, Brazil, has a nominal production capacity of 60,000 tons of TiO 2 /year. This factory is the largest Brazilian producer and the world's second largest manufacturer of white pigment, which is widely used to provide whiteness and opacity to a wide range of products, such as paints, varnishes, plastics, paper and cosmetics, among others.
Worldwide, approximately 38,000 tons of Rotary-vacuum-filter mud (RVFM) are generated annually. Millennium Inorganic Chemicals (MIC) generates approximately 2,500 tons of RVFM each year, and this waste is currently disposed of in industrial landfills at CETREL, the Company Wastewater Treatment in the Camaçari Industrial Complex.
Rotary-vacuum-filter mud (RVFM) is a non-hazardous waste (class II-A) generated by the titanium dioxide manufacturing process. Titanium dioxide is a pigment used as raw material in the manufacture of paints and varnishes. This waste is produced during the filtration process of unreacted ilmenite. RVFM is similar in physical-chemical characteristics to the materials used in civil construction, such as plaster and cement; thus, RVFM has a high potential for use in civil construction. In a recent study, Gázquez et al. 1 performed a physico-chemical characterization of a TiO 2 slurry, and it was found to be promising for use as insulation and as a cement additive.
In recent years, there has been a growing interest in the use of industrial waste as the raw material for the manufacture of ceramic products, such as bricks and roof tiles 2,3 . Industrial waste, as such as welding waste 4 and flue waste 5 , are promising raw materials for the manufacture of ceramic bricks.
However, despite the great potential for RVFM use, there is no information available in the literature about RVFM's incorporation into traditional red ceramics.
The objective of this work is to characterize RVFM and ceramic bricks containing different percentages of this waste and to identify the technical possibilities of its incorporation into red ceramic products.
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MATERIALS AND METHODS

Materials
In the present study, two basic raw materials were used: clay and neutralized RVFM. The clay was supplied by Ceramic Igarapé and was extracted from their quarry located in Camaçari-Bahia.
Because of the high silica (SiO 2 -62.92%) and alumina contents (Al 2 O 3 -17.99%), the clay that was used was characterized as predominantly kaolinitic in the literature 6, 7 ; is widely used in the production of traditional ceramics, such as bricks.
The neutralized RVFM was present as a powdered solid with irregular particle size. The RVFM was collected directly from the generation stage at Millennium Inorganic Chemicals (MIC) in Camaçari, Bahia, Brazil, using waste sampling procedures specified by the Brazilian standard NBR 10007/04 ("Sampling of solid waste").
Methods
The samples were characterized using thermogravimetry analysis (TG) and differential thermal analysis (DTG) using a Shimadzu TGA-51 thermogravimetric analyzer. The effects of the addition of RVFM on the physical and mechanical properties of the ceramic specimens were examined, including effects on apparent porosity, water absorption, linear shrinkage, and flexural strength results. For each property measurement, 5 specimens were obtained. The data in Figure 1 show that apparent porosity and water absorption increases with the addition of RVFM at the three burn temperatures. A decrease in water absorption was observed with increasing burn temperature. This behavior is common in ceramics because of the vitrification that begins between 950°C and 1225°C for this type of clay. This is due to the release of SiO 2 , which then reacts with free metal oxides (alkali, alkaline earth and iron) to form glass 9, 10 .
RESULTS AND DISCUSSION
The water absorption permissible for ceramic bricks, according to Brazilian NBR 15310/2004 standard, is 25%. Therefore, the ceramic samples that contain different RVFM contents and were fired at 800ºC, 950ºC and 1100ºC can be used for Brazilian ceramic bricks in accordance with the standards (Figure 4 ).
As expected, the results for apparent porosity (Figure 4b ) exhibit the same behavior that was observed for water absorption once those properties were dependent. The low porosity of the specimens fired at 1100°C can also be attributed to the effect of vitrification, as discussed above.
The chemical composition of RVFM also contains approximately 3.76% MgO content. However, it has been observed that the apparent porosity and, consequently, the water absorption of the samples increase as the RVFM content increases. It is possible that MgCO 3 and/or CaCO 3 are present in this residue, but these compounds were not identified by XRD.
The presence of calcium and/or magnesium carbonates in clays causes irregularities in the surfaces of the extruded products, including scratches and swells.
During the ceramic firing process, the carbonates are dissociated, thereby releasing and may react with other substances. After ceramic firing, discontinuities, such as holes and cracks, may arise as a result of strong degassing 11 . This consequently increases the water absorption in the ceramic. Calcium carbonate dissociates above 800°C, and magnesium carbonate decoupling occurs at approximately 600°C, with reasonable heat absorption.
According to Barba et al. 12 , the presence of carbonates in a ceramic matrix alters the course of reactions that occur at high temperatures, producing crystalline phases that are otherwise not formed in the absence of these carbonates. Therefore, the addition of alkaline earth carbonates has a bleaching effect on the cooked
products. An increase in the CaCO 3 Typically, high linear shrinkage is associated with a reduction in porosity, as described above. However, despite a reduction in linear shrinkage, there was an increase in the porosity of the ceramic samples. It is believed that the CO 2 was released into the furnace atmosphere, and the consequent appearance of discontinuities in the samples, such as holes and cracks generated by strong degassing, may be the reason for this unexpected increase in porosity.
The recommended values of linear shrinkage after firing the extruded specimens should be less than 14% when fired at 950ºC 6 . Therefore, with the addition of RVFM, all of the contents have satisfactory values of linear shrinkage, as shown in Figure 2 .
The decrease in flexural strength with the incorporation of RVFM is likely related to the fact that this additive increases the porosity of the specimens. Figure 4b shows that the addition of RVFM from 5% to 20% raised the apparent porosity of the ceramic block, and this effect was more significant for the increase from 10% to 20%.
The increase in apparent porosity decreases the cross-sectional area through which a load can be applied, thereby reducing its flexural strength. Moreover, under flexural loading, the material is subjected to a tensile stress component. The pores would then act as a stress factor concentrator. This also contributes to the reduced flexural strength.
Furthermore, higher flexural strength of the samples with increasing burn temperature was observed. This is related to two factors: i) the formation of crystalline phases (silicates and aluminosilicates of calcium and/or magnesium) of high mechanical strength 12 and ii) the formation of a low viscosity liquid phase such that it progressively fills the open pores with the increasing burn temperature Erro! Fonte de referência não encontrada. . The recommended values of flexural strength for use in hollow red ceramic bricks is above 55 Kgf/cm 2 6 . Therefore, following the incorporation of RVFM, only specimens fired at 800°C that contain 20% RVFM would not be suitable.
CONCLUSIONS
 The addition of RVFM tends to increase the water absorption and porosity,  According to flexural strength results, only specimens fired at 800°C that contain 20% RVFM cannot be classified as suitable for use as bricks;
 The high shrinkage of the samples fired at 1100°C is attributed to an increase in the liquid phase, which progressively fills the open pores and consequently results in lower distances between the particles. This, in turn, results in shrinkage of the ceramic bodies as the sintering temperature increases;
